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Abstract

In vivo studies were conducted using marine snails (Thais chocolatd) artificially contaminated
in a tank containing sea water inoculated with a pure culture of Vibrio cholerae, such that 105 colony
forming units per gram (CFU/g) were uptaken by the mollusks in 1.5 h. A radiation Di0 value of 0.12
kGy was determined for V. cholerae upon subsequent irradiation of the live snails at doses in the range
0.0-4.0 kGy. A second series of tests were conducted using naturally contaminated, non-inoculated
snails, shelled and packaged simulating commercial procedures, irradiated at 0.0-3.0 kGy, and stored
at 2-4°C. These tests indicated that a dose of 2.0 kGy was optimal to extend the microbiological shelf-
life of the snails to 21 days without inducing significant adverse sensory or chemical effects. Non-
irradiated snails similarly treated and stored spoiled after only seven days.

INTRODUCTION

The Peruvian "lead snail" (Thais chocolatd) is a mollusk having a single, heavy, large
and wide valve, uniformly brown in color, from which an orange internal columnella and
bluish interior can be observed. Its average size is 88-mm long by 35-mm dia. (Rosales,
1988). This snail is typically found in marine rocky beds, where it forms banks at a depth of
some 30 m, affixing itself to rocks in temperate waters (15-17°C). The snail often shares its
habitat with a large species of mussel popularly called choro (Aulacomya ater), and it is found
on the Pacific coast touched by the Humbolt current, from Ecuador to northern Chile
(EVIARPE, 1996; Quiroz et ah, 1996). Capture of this snail is done mostly by local artisan
fishermen using motorized boats provided with refrigerated storage bins, although some of
the total volume comes from individual divers who operate from the shore. Thus, there is
wide variation in the microbiological quality of the snails during commercialization, and
contamination of these mollusks with Vibrionaceae, including toxigenic Vibrio cholerae, is a
distinct possibility.

Cholera constitutes a serious public health concern in many countries of the world.
The spread of the cholera pandemia to Latin America and the Caribbean in 1991, and the
dissemination of a new strain of Vibrio cholerae in Asia (0139), suggest that the disease will
continue to be a global problem in future years (CDC/NCD/OPS, 1995). To minimize the
incidence of cholera, therefore, effective intervention methods will be needed. Aware of this
need, the Pan American Health Organization (PAHO), the International Atomic Energy
Agency (IAEA), and the Instituto Peruano de Energia Nuclear (IPEN), in 1991, proposed the
use of ionizing radiation to decontaminate raw seafood of Vibrio cholerae Ol El Tor, other
pathogenic serotypes of V. cholerae, and various potentially pathogenic Vibrionaceae, and
organized a Co-ordinated Research Project to study the potential public health benefits of
applying this technology in countries where consumption of raw shell fish, fish, and other
seafood is traditional. The present study is part of this project.
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MATERIALS AND METHODS

Product Preparation

Live, fresh marine snails belonging to the species Thais chocolata were purchased at
the harbor in Pisco (Laguna Grande), and at the seafood terminal market in Villa Maria del
Triunfo, Lima. The snails were transported to the laboratories of IPEN using styrofoam boxes
filled with ice, at 2-5°C, to slow the biological activity of the mollusks and minimize
microbial growth. The snails were washed using clean sea water to eliminate the natural
mucosity of the shell and other impurities, and microbiological tests were conducted to
determine initial bacterial counts and the possible presence of Vibrio cholerae as described
below.

Inoculum

A toxigenic strain of Vibrio choleare 01 El Tor, serotype Inaba, was obtained from
the Peruvian Health Ministry collection. The pure culture was characterized as Gram-
negative, curved to straight rods, facultatively anaerobic, asporogenous, motile, halophilic,
oxidase positive, which reduced nitrates to nitrites (CDC/NCD/OPS, 1995).

The culture was suspended in sterile alkaline peptone water (AP) and incubated at
37°C for 8 h. A loopful from the top portion of the suspension was streaked onto thiosulfate
citrate bile and sacarose agar (TCBS) and the plate was incubated at the same temperature for
18 h, after which a characteristic colony was transferred to a slant of brain heart infusion agar
(BHIA) and reincubated for 24 h. The slant was washed and the cell suspension was diluted
into 300 mL AP, which resulted in a suspension of 109-1010 colony forming units per mL
(CFU/mL), as determined by plate count on TCBS before using it to inoculate the snails.

Sample Inoculation, Preparation and Irradiation

A 30-L tank containing previously ozonated sea water was inoculated with the pure
culture of V. cholerae so that the concentration of viable cells in the water was 10 CFU/mL.
Live snails were placed in this simulated habitat and allowed to contaminate themselves with
the suspended V. cholerae through their natural feeding mechanism, to a level of 105 CFU/g.
The time required to reach this level of contamination was only 1.5 h.

(1) Determination of Dio*. Inoculated snails were placed in high-density polyethylene bags, 25
to a bag, and the bags were heat sealed. The bags were then irradiated at doses in the
range 0.0-0.4 kGy, in increments of 0.1 kGy, in a Gammacell 220 irradiator provided
with a 60Co source having a dose rate of 2.41 kGy/h; non-irradiated controls were also
prepared.

(2) Shelf-life Determination: The shell was removed from fresh, non-inoculated snails, and
the meat was washed and packaged in polyethylene bags as before. Radiation doses of 0.0,
1.0, 2.0, and 3.0 were applied, and the bags were labelled Ti through T4, respectively.
Absorbed radiation doses were measured using Fricke dosimeters strategically placed in
the product. The bags were stored at 2-4°C, and microbiological analyses were conducted
on days 1, 7, 14, and 21 post-irradiation. Concurrent sensory analyses were conducted to
determine acceptability.
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Microbiological Analyses

Inoculated samples were examined for survival of V. cholerae by macerating 25 g of
snail meat in 225 mL peptone water, preparing serial dilutions following standard methods,
and surface plating on TCBS plates as described by the FDA (1995). Bacterial counts were
transformed into logarithms and plotted against radiation dose to draw the bacterial survival
curve of V. cholerae in snails, and to establish the radiation Dio (i.e. the dose necessary to
reduce the Vibrio population by 90%), given by the negative inverse value of the slope of the
survival curve (Munoz et al., 1985). For shelf-life studies, serial dilutions were pour plated
with BHIA, and the plates were incubated at 22°C for 24 h to enumerate total aerobic bacteria.

Sensory Analyses

An eight-person trained panel was used to establish the acceptability of irradiated snail
samples over the 21-day refrigerated storage at 2-4°C. A 5-point hedonic scale was used to
rate appearance (color), odor, and texture of irradiated and control snail samples, raw or
cooked in boiling water for 3 min without addition of salt or any other additive. The
experimental design was a square block with a 4 x 4 factorial (four treatments, four storage
times) and three replications; the results were compared using Tukey's test (p = 0.5).

Chemical Analyses

On sampling days, pH values were determined potentiometrically in a 1:10 solution of
snail meat homogenate in distilled water (Maza et al., 1984). Freshness of snails was
quantified on the basis of total volatile basic nitrogen (VBN) according to the method of
Conway, as described by Muiioz et al. (1985). Drip losses were also determined throughout
the storage period (AOAC, 1995).

RESULTS AND DISCUSSION

Figure 1 shows the survival curve of toxigenic Vibrio cholerae in inoculated snails.
The Dio value thus determined, 0.12 kGy, agreed with equivalent values reported by other
researchers (Matches and Liston, 1970). This value is relatively low compared with those of
other pathogenic bacteria, and indicative of low radiation resistance by this microorganism,
but it is higher than the Dio of other Vibrionaceae such as virulent and non-virulent V.
vulnificus, reported to be 0.06 and 0.04 kGy, respectively (Dixon and Rodrick, 1998).

Figure 2 shows aerobic bacterial growth in raw snails irradiated at doses of 0.0
(controls), 1.0, 2.0, and 3.0 kGy during subsequent refrigerated storage at 2—4°C. Bacterial
numbers on day 0, the day samples were irradiated, indicated that irradiation brought about an
immediate reduction in bacterial numbers equivalent to 2.0-2.5 logio cycles, from an initial
105 CFU/g down to lO 1 - ^ 2 CFU/g. During storage, control samples reached 108 CFU/g after
14 days, indicative of spoilage, whereas snails irradiated at 2.0 and 3.0 kGy did not reach that
level even after 21 days. There was no significant difference in bacterial numbers for the 2.0
and 3.0 kGy treatments, suggesting that a dose of 2.0 kGy was enough to extend the
microbiological shelf-life of the snails at 2—4°C beyond 21 days.

A radiation dose of 2.0 kGy was deemed optimal for delaying aerobic bacterial growth
in the snails and hence prolonging their microbiological shelf-life during post-irradiation
refrigerated storage at 2-4°C. While samples irradiated at 2.0 kGy sustained little bacterial
growth during the first 7 days of storage, total aerobes in control samples reached spoilage
levels of 108 CFU/g levels in the same period. Even after 21 days refrigerated storage, total
aerobic counts in irradiated snails were only 106 CFU/g.
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Fig. 1. Survival curve for Vibrio cholerae inoculated into marine snails
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Fig. 2. Aerobic bacterial growth in irradiated marine snails during storage at 2-4°C

Tables 1 and 2 present the results of sensory analyses conducted on irradiated raw and
cooked snails, respectively. Irradiated samples, raw or cooked, did not undergo significant
(p < 0.0.5) changes in appearance (i.e. color), odor, flavor, or texture when compared to non-
irradiated controls on the day irradiation was applied or after seven days refrigerated storage
at 2-4°C. However, after 14 days, irradiated raw snails received favourable odor scores
whereas non-irradiated control samples had deteriorated severely due to spoilage. Some
irradiation effects on the typical odor of fresh fish fillets reported elsewhere (Torres et ah,
1988), consisting of a slight smoke odor that disappeared during post-irradiation storage, were
not present in irradiated snails. By day 21 of storage, raw snails irradiated at 2.0 or 3.0 kGy
had significantly better scores for all attributes than those treated at 1.0 kGy, although the
scores for all attributes in the latter had decreased significantly compared to the corresponding
values on day 14. These results were similar for cooked snails, confirming that 2.0 kGy would
be the optimum dose for prolonging the shelf-life of these mollusks to 21 days at 2-4°C, and
suggesting that no additional quality gains would be obtained using 3.0 kGy.

34



Table 1: Effect of Ionizing Radiation on Sensory Attributes of Raw Marine Snails
During Storage at 2-4°C

Appearance score
and radiation dose

Odor score
and radiation dose

Texture score
and radiation dose

kGy:
Days
0
7
14
21

0

4.3
4.2
3.2
1.7

1

4.3
4.2
3.7
3.3

2

4.5
4.0
3.8
3.5

3

4.3
4.0
3.7
3.5

0

4.4
3.7
2.7
1.5

1

4.4
4.0
3.6
2.9

2

4.3
4.1
3.7
3.5

3

4.3
3.8
3.8
3.5

0

4.3
4.1
3.2
2.0

1

4.5
4.0
3.5
3.2

4.1
4.0
3.4
3.5

2 3

4.1
4.2
3.4
3.5

Table 2: Effect of Ionizing Radiation on Sensory Attributes of Cooked Marine Snails
During Storage at 2-4°C

Odor score
and radiation dose

Flavor score
and radiation dose

Texture score
and radiation dose

kGy:
Days
0
7
14
21

0

4.4
4.4
3.2
1.8

1

4.4
4.3
3.9
3.5

2

4.5
4.2
4.1
3.7

3

4.2
4.3
4.1
3.5

0

4.6
4.3
2.8
1.0

1

4.5
4.2
3.8
3.4

2

4.5
4.1
3.9
3.8

3

4.2
4.1
4.0
3.7

0

4.2
4.2
3.7
2.4

1

4.1
4.1
4.0
3.7

2

4.1
4.1
4.0
3.7

3

4.1
4.2
3.8
3.6

Volatile basic nitrogen (VBN) is an index offish and seafood freshness (Maza et ah,
1984). Values between 20 and 23 mg VBN/100 g are usually indicative of product freshness,
whereas values in the range 30-45 nig/100 g indicate spoilage (IAEA, 1982). Irradiated snails
reached a maximum VBN value of 24 mg/100 g only at the end of the storage period, while
non-irradiated controls surpassed the rejection limit (30 mg VBN/100 g) after the first
evaluation (7-day storage at 2-4°C; data not shown).

Determination of drip losses in snails showed that irradiated samples tended to loose
more water during storage than non-irradiated controls. Drip losses in snails treated at 2.0
kGy were 1.1% shortly after irradiation, but reached 7.6% on day 21 of refrigerated storage;
in contrast, control sample drip losses were 1.3% on irradiation day and 2.9% at the onset of
spoilage on day 7. This differences could be attributed to rapid increases in pH value and in
volatile basic nitrogen content in non-irradiated controls due to microbial spoilage. As the pH
value increases due to microbial-induced proteolysis, water retention also increases in most
muscle foods. On the other hand, there are reports of increased water losses as absorbed
radiation doses increase in products such as poultry. Kumta and Sreenivasan (1970) reported
that drip loss increased linearly in proportion to irradiation dose, from 20 to 24%, in Bombay
duck {Harpodon nehereus) treated at radiation doses lower than 10 kGy; this effect was not
observed in product irradiated at 20 and 30 kGy.

CONCLUSIONS

The radiation Dio for Vibrio cholerae 01 biotype El Tor in marine snails is 0.11 kGy.
A 2.0-kGy radiation dose is optimal for extending the shelf-life of raw snails of the species
Thais chocolata during post-irradiation refrigerated storage at 2-4°C. This dose extends the
microbiological shelf-life of raw snails 3-fold to 21 days or more, and causes no significant
effects on sensory attributes (color, odor, flavor, and texture) of raw or cooked snails, or on
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chemical characteristics (pH, VBN), although it also increases drip losses during subsequent
storage at refrigeration temperatures.
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